A model for the formation and interconversion of protein A-immunoglobulin G soluble complexes.
We present a model for the formation and interconversion of the soluble complexes formed by reacting staphylococcal protein A (SpA) with rabbit immunoglobulin G (IgG) antibodies. The basic elements of the model are developed from reported hydrodynamic and electron microscopic studies of these complexes (see accompanying companion paper), together with established structural and binding properties of IgG and SpA. The model includes specific symmetry and binding requirements for IgG-SpA combination, and a steric constraint between neighboring IgG molecules. We discuss how such a constraint could influence the assembly and distribution of equilibrium complexes. After formulating a convenient symbolism for representing IgG-SpA complexes, the suggested model is used to construct plausible structures for the four predominant complexes observed in moderate SpA excess. Distributions of these stable complexes at different IgG:SpA ratios, together with LeChatelier's principle and a straightforward thermodynamic derivation, are used to predict likely arrangements of equilibrium structures. Also, a scale model of the unique IgG4-SpA2 complex formed in IgG excess is constructed from reported x-ray diffraction and amino acid sequence data. An intuitive thermodynamic argument is used to show that the suggested steric constraint could cause the rather unprecedented reversible transformation of the four 7 to 15S complexes into the unique 17S complex. A computer simulation is used to predict equilibrium concentrations of the various proposed complexes at different IgG:SpA ratios. In support of the suggested structures, the calculated thermodynamic distributions agree surprisingly well with those measured with the ultracentrifuge. We point out how the proposed arrangements of the complexes, and in particular the 17S complex, can account for many of their novel properties, such as antigen-induced conformational changes. Reported differences in complement activation and precipitate formation by SpA complexes formed with antibodies from various species are also discussed with regard to possible differences in structural arrangements of the complexes.